We conducted biochemical and molecular analysis of tulip amylase. Enzyme extract was obtained from the scales of tulip bulbs after cold treatment for forcing cultivation, and some characteristics of the amylase were investigated. The amylase activity was measured by iodine-starch method. The degradation of soluble starch produced a series of maltooligosaccharides with different sizes. This indicates that the amylase in tulip bulb scale is endotype α α α α-amylase. The optimum pH for amylase activity was about 5.6. The enzyme activity was stable at neutral and alkaline pH (pH 5-10) at 4°C for 24h, but the activity remarkably decreased in acidic pH (pH<4.5). The α α α α-amylase requires Ca 2+ for its activity and stability. 
INTRODUCTION
In Japan, tulip bulbs are usually planted in autumn in October and November. They sprout in March, and the flowering season is April and May. After detopping of flowers, new bulblets (daughter bulbs) grow fast and accumulate storage compounds. These bulbs are harvested in June.
Tulip bulb scales contain a large amount of reserve carbohydrates, mainly starch and soluble sugar (sucrose and (2->1)-β-linked oligofructans) (Ohyama et al., 1985a) . Starch is a major storage carbohydrate and it accounted for 63% of dry matter just before planting (Ohyama et al., 1986) . Based on morphological observations, two types of starch granules were observed in the bulb scale cells at planting, which were large lenticular granules and small spherical granules (Ohyama et al., 1988b, c) . The small granules disappeared rapidly after planting, and large granules depleted at anthesis stage (Ohyama et al., 1988b) .
About 75% of starch was consumed during underground life before sprouting. It was mainly used for the root expansion and absorption of nitrogen, and some was converted to sucrose and oligofructans in scales. The roots grow rapidly from the basal plate of bulbs after planting, and they accumulate a large amount of nitrogen (up to 9% based on dry weight) during the winter season Ikarashi 1967, 1968) . It was found that the tulip roots absorb both ammonium and nitrate and they accumulate the nitrogen mainly in the form of glutamine under cold conditions (Kitajima et al., 1991; Komiyama et al., 2003; Ohyama et al., 1985b Ohyama et al., , 1988d Ohyama, 1991) . The accumulated nitrogen in the roots supplements bulb storage nitrogen and is efficiently used for rapid 224 shoot growth in early spring (Ohyama et al., 1988a; Ohyama, 1991) . The remainder (25%) of starch was almost completely depleted until anthesis stage.
Tulip plants require chilling for their normal growth and flowering. Forcing techniques of tulip plants are widespread by storing the dry bulbs in cold temperature (e.g. pre-cooling at 15°C for 3 weeks and cold treatment at 2°C for 8-9 weeks in Niigata), and bulbs are grown in greenhouse under warm temperature. During cold treatment for forcing tulip bulbs, the starch was converted to sucrose and oligofructans, although control bulbs without cold treatment did not show starch degradation and sugar accumulation in the scales during the same period (Ohyama et al., 1988c (Ohyama et al., , 1996 . Furthermore, cold storage accelerated the starch degradation after planting in the warm greenhouse.
In situ observation of localization of amylase activity by starch thin film method indicated that the amylase activity was induced in the parenchyma cells of scales only in the cold treated bulbs and not in control bulbs without chilling (Ohyama et al., 1996) . Strong amylase activity was observed in several layers of the outer cells near epidermis where no starch was accumulated both in control and cold treated bulbs. At the end of the cold storage period, the storage starch was depleted randomly in parenchyma cells of bulb scales (Komiyama et al., 1997) . On the other hand, starch degradation in parenchyma cells was not observed in control bulb scales without chilling. The random depletion of starch in parenchyma cells indicates that tulip scale amylase is not a secretary enzyme like rice seed amylase, which is secreted from the aleurone layer to endosperm, but it is induced in each parenchyma cell and degrades the starch in the same cells.
By zymogram (activity staining) of a gel by native PAGE, at least three bands of amylase were observed in the tulip bulb scales treated with cold storage, one of which was predominant (Komiyama et al., 1997) . In control bulb scales the low levels of constant activities of two bands were observed.
In this paper, the amylase enzyme extract was purified from the scales of tulip bulbs after cold treatment for forcing cultivation, and some characteristics of the amylase were investigated. In addition a cDNA clone of α-amylase was obtained by RT-PCR method, and the estimated amino acid sequence was compared with those published in different plants.
MATERIALS AND METHODS
Tulip (Tulipa gesneriana L. 'Malta') bulbs harvested on 17 June were pre-cooled at 15°C for 4 weeks from 5 August, then reserved in cold storage room at 2°C for 8 weeks. The 500 g fresh weight of bulb scales were homogenized with 2.5 L of 50 mM Tris-HCl (pH 7.5) buffer containing 2 mM CaCl 2 . The crude extract was obtained by filtration through cheese cloth and decantation. The crude extract was partially purified by ammonium sulfate fractionation (0-60%) followed by dialysis with water. The active fraction was further purified by a series of a hydroxyapatite (Fast Flow Type, Wako), a hydrophobic (Ether-Toyoperl650, Tohso), an ion-exchange (DEAE-Toyoperl, Tohso) and a gel-filtration (Sephadex G-75, Pharmacia) column chromatography. Amylase activity was measured by the iodine starch method (iodine dextrin color method) and the reaction was carried out at 37°C for 5 min.
The degradation products of 0.15% soluble starch and maltooligosaccharides from dimer (G2) to heptamer (G7) with purified enzyme fraction were analyzed by silica gel thin-layer chromatography. Molecular weight of purified protein was analyzed by SDS-PAGE. Some characteristics of the purified fraction were investigated such as optimum pH, pH stability, optimum temperature, temperature stability, Ca 2+ requirement, and the effects of divalent cations.
A partial length cDNA of α-amylase was obtained by RT-PCR method using the primer (Forward primer was 5'CAGGGITTYRAYTGGGAGTC and the reverse was oligo dT primer.) designed from the database of the amino acid and DNA sequences of amylases in higher plants.
RESULTS AND DISCUSSION

Purification of Amylase
By 10% stepwise ammonium sulfate fractionations, the highest amylase activity was recovered in the fraction between 40%-and 50%-saturated ammonium sulfate. The 60%-saturated ammonium sulfate precipitated protein from the extract was dialyzed to water and used for further purification by a series of column chromatography filled with a hydroxyapatite (Fast Flow Type), a hydrophobic (Ether-Toyoperl650), and the specific activity increased 45 times. The active fraction was further purified by an ion-exchange (DEAE-Toyoperl) and a gel-filtration (Sephadex G-75) column chromatography. SDS-PAGE analysis of the final active fractions showed two peptides which molecular weights were about 46 kD (Fig. 1) . So far, it is not clear that both bands are amylases or only one of them is amylase.
Determination of the Type of Amylase in Tulip Scales
α-amylase is the endoamylase that randomly cuts α(1-4)glucoside linkage of starch, whereas β-amylase is the exoamylase that cuts and releases maltose units (G2) from the non-reducing end of starch (Steup, 1988) . The degradation pattern of soluble starch showed a series of maltooligosaccharides separated by a thin-layer chromatography similar to standard α-amylase from Bacillus subtilis (WAKO) but different from β-amylase from wheat (WAKO) (Fig. 2, left) . The degradation of standard maltooligosaccharides (G2-G7) occurred from tetramer (G4) to heptamer (G7), but not from dimer (G2) and trimer (G3) (Fig. 2, right) . These results confirm that the purified amylase from the tulip bulb scales is an α-amylase and not a β-amylase.
Characteristics of α α α α-amylase The optimum pH for amylase activity was about 5.6 (Fig. 3, left) incubated with soluble starch at 37°C for 5 min. As shown in Fig. 3 (right) , the enzyme activity was stable at neutral and alkaline pH (pH 5-10) for 24h at 4°C, but the activity was significantly decreased in acidic pH lower than 4.5.
The optimum temperature for 5 min incubation was about 75°C in the presence of Ca 2+ (Fig. 4, left) . Temperature stability was measured at 37°C for 5 min, after 15 min of various temperature treatment from 40°C to 100°C (Fig. 4, right) Amino Acid Sequence of α α α α-amylase from cDNA A partial length cDNA of α-amylase was obtained by RT-PCR method using the primer designed from the database of the amino acid and DNA sequences of amylases in higher plants. Sequenced cDNA was named TuAmy. The deduced amino acid sequence of the α-amylase from tulip bulb scales has high similarity (identity about 60%) to those of the rice and maize. Only one band was detected by Southern blot analysis of tulip genomic DNA with clones of TuAmy. This result suggests that TuAmy is single copy gene in tulip genome.
CONCLUSIONS
α-amylase was purified from tulip bulb scales after completing 8 weeks of cold treatment for forcing. The estimated MW by SDS-PAGE was 46 kD. The α-amylase requires Ca 2+ for the activity and stability. The optimum temperature was 75°C, and optimum pH was 5.6. These characteristics are similar to the α-amylases from other plants such as rice, barley, wheat, soybean, and faba bean (Nakamura, 1986) . Because amylase in tulip bulb scales actively decompose storage starch under cold temperature even at 2°C, it was assumed that the characteristics of cold temperature inducible amylase in tulip bulb scales might be different from those of other plants. However, the characteristics observed here were very similar to the α-amylases from other plant sources.
A cDNA clone was obtained by RT-PCR method and the deduced amino acid sequence has similarity to those of rice and maize.
It is concluded that the degradation of storage starch in tulip bulb scales is mediated by α-amylase and which characters were similar to the known α-amylases from higher plants. Further investigation is required to confirm the number and localization of isoforms of α-amylase, and the promoter regions which controls amylase gene expression by cold temperature.
